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(54) COMPOSITE MEMBRANE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a composite ion exchange membrane which has 
improved dimensional stability and an aptitude for handling and on which ion conductivity and 
a crossover of gas of a reactive body are not weakened by forming a structure of an 
embedded ion conductive polymer in a porous support body. 

SOLUTION: A porous support body is composed of individual fibers oriented at random, and 
the one having the hole size larger than 1 ^irn at least in one direction exists by 50%. The total 
thickness of a membrane is made thinner than 200 (im to be used in a fuel cell. Fiber to be 
used is selected from at least one of glass, a polymer, ceramic, quartz, silica, carbon or metal. 
A diameter of the fiber is set to 0.1 to 50 urn, and its length is desirably set to a range of 0.05 
to 300 mm. An ion conductive polymer is an ordinary proton conductive polymer, and this 
polymer is dissolved in an organic or aqueous solvent, and is applied to the fiber to form the 
membrane. 



http://wwl9.ipdl.ncipi.gojp/PAl/result/detail/main/wAAAgia 8/30/2006 



Searching PAJ 



Page 2 of 2 



LEGAL STATUS 

[Date of request for examination] 1 5.03.2005 

[Date of sending the examiner's decision of 

rejection] 

[Kind of final disposal of application other than 
the examiner's decision of rejection or 
application converted registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 

[Number of appeal against examiner's 

decision of rejection] 

[Date of requesting appeal against examiner's 
decision of rejection] 
[Date of extinction of right] 



http://wwwl9.ipdl.ncipi.go jp/PAl/result/detail/main/w AAAgiaWAfDA410312815Pl.htm 8/30/2006 



JP,10-312815,A [CLAIMS] 



Page 1 of 2 



* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of" this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Bipolar membrane which is the bipolar membrane which comes to contain the porosity base 
material of each fiber which carried out orientation at random, and at least one sort of ion conductivity 
polymers, and is characterized by embedding the ion conductivity polymer in a porosity base material. 
[Claim 2] Bipolar membrane which is the bipolar membrane which comes to contain two or more fiber 
which combines at random, is carried out and forms a porosity base material, and at least one sort of 
polymer ingredients, and is characterized by embedding the polymer ingredient in a porosity base 
material. 

[Claim 3] At least 50% of the magnitude of each hole in said porosity base material sets in at least one 

direction, and it is larger bipolar membrane according to claim 1 or 2 than 1 micrometer. 

[Claim 4] At least 75% of the magnitude of each hole in said porosity base material sets in at least one 

direction, and it is larger bipolar membrane according to claim 3 than 1 micrometer. 

[Claim 5] Bipolar membrane given in any 1 term of claims 1-4 with the thickness of said film thinner 

than 200 micrometers. 

[Claim 6] Bipolar membrane according to claim 5 with the thickness of said film thinner than 100 
micrometers. 

[Claim 7] Bipolar membrane given in any 1 term of claims 1-6 as which said fiber is chosen from at 
least one of glass, a polymer, a ceramic, a quartz, a silica, carbon, or the metals. 
[Claim 8] Bipolar membrane according to claim 7 as which said fiber is chosen from at least one of 
glass, a ceramic, or the quartzes. 

[Claim 9] It is bipolar membrane given in any 1 term of claims 1-8 said whose fiber is the thing of the 
diameter of the range of 0.1 micrometers - 50 micrometers typically. 

[Claim 10] It is bipolar membrane given in any 1 term of claims 1-9 said whose fiber is the thing of the 
die length of the range of 0.05mm - 300mm typically. 

[Claim 1 1] Bipolar membrane given in any 1 term of claims 1-10 which is that to which said ion 
conductivity polymer is applied with the gestalt of a solution, and the solvent of said solution uses 
organic nature or water either as a base material. 

[Claim 12] Bipolar membrane given in any 1 term of claims 1-11 said whose ion conductivity polymer 
is a proton conductivity polymer. 

[Claim 13] Bipolar membrane according to claim 12 to which said proton conductivity polymer is 
applied with the gestalt of a water solution. 

[Claim 14] Bipolar membrane given in any 1 term of claims 1-13 by which coating of said fiber is 
carried out with at least one sort of different ingredients before formation of the porosity base material 
of each fiber which carried out orientation at random. 

[Claim 15] Bipolar membrane according to claim 14 to which coating of said fiber is carried out by the 
ion conductivity polymer. 

[Claim 16] Bipolar membrane according to claim 14 to which coating of said fiber is carried out by the 
non-ion conductivity polymer. 
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[Claim 17] Bipolar membrane according to claim 14 to which coating of said fiber is carried out with the 
catalyst. 

[Claim 18] Bipolar membrane given in any 1 term of claims 1-17 by which the granular ingredient is 
built into the interior. 

[Claim 19] Bipolar membrane according to claim 18 said whose granular ingredient is a thing with an 
average grain size of 0.001 micrometers - 10 micrometers. 

[Claim 20] Bipolar membrane according to claim 1 8 or 1 9 to which coating of said granular ingredient 
is carried out by at least one of an ion conductivity polymer, a non-ion conductivity polymer, or the 
catalysts before being incorporated into said film. 

[Claim 21] Bipolar membrane given in any 1 term of claims 1-20 in which two or more sorts of fiber 
which has a different property is put together, and forms the porosity base material. 
[Claim 22] Laminating bipolar membrane whose at least one of the layers of these is bipolar membrane 
given in any 1 term of claims 1-21 coming [ two-layer or more polymer content layers than it ]. 
[Claim 23] How to manufacture the bipolar membrane of a publication in any 1 term of claims 1-21 
which come to contain preparing the base material with which preliminary formation of each fiber 
which carried out orientation at random was carried out, and applying said polymer ingredient 
subsequently. 

[Claim 24] How to manufacture the bipolar membrane of a publication in any 1 term of claims 1-21 
which come to contain forming the porosity base material of each fiber which carried out orientation at 
random by adopting a continuous manufacturing method, and infiltrating a polymer ingredient 
subsequently to said porosity base material. 

[Claim 25] The membrane electrode assembly which comes to contain the bipolar membrane of a 
publication in any 1 term of claims 1-21. 

[Claim 26] The fiiel cell which comes to contain the bipolar membrane of a publication in any 1 term of 
claims 1-21. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[0001] This invention relates to the new bipolar membrane used in electrochemical equipment, 
especially a fuel cell, and the method of manufacturing this new bipolar membrane. 
[0002] The electrochemical cell surely contains the ion conductivity electrolyte of a solid-state or a 
liquid, and two electrodes with which a desired electrochemical reaction occurs, i.e., an anode, and a 
cathode in those fundamental level. An electrochemical cell can be found out in the equipment, for 
example, the fuel cell, the dc -battery, the sensor, electrodialysis reactor, and electrolysis reactor of the 
existing range for the application of the various range which includes electrolysis of water, 
chemosynthesis, division of a salt, purification of water, processing of effluent, and metaled finishing 
especially. 

[0003] A fuel cell is energy conversion equipment and transforms into electrical energy the chemical 
energy in which the fuel was stored by generating power combining oxygen in either of the methanols 
stored as the hydrogen or the liquid stored as a gas, or a gas. Hydrogen or a methanol oxidizes in an 
anode, and oxygen is returned in a cathode. Both electrodes are gaseous diffusion molds. If an 
electrolyte does not contact both electrodes, it can be a liquid or a solid-state acid in ******** an( j a 
special feature, or alkaline. An electrolyte is the film of the polymer of proton conductivity ** solid ion 
conductivity or in more detail, and the joint structure formed from the film and two gaseous diffusion 
electrodes is usually known for the proton exchange film fuel cell (PEMFC) as a membrane electrode 
assembly (MEA) based on the copolymer of a perfluoro-sulfonic acid and tetrafluoroethylene. 
[0004] the fault fluoride film with which the electrolyte of the useful solid ion conductivity film is 
conventionally sold commercially in a fuel cell and other equipments by the available film (NafionR) (I 
eye E. I. du Pont de Nemours Di NIMOASU- and - company), for example, trade name Nafion, 
ASHIPU REXX (AciplexR) (Asahi Chemical), and the deflection myon (FlemionR) (Asahi glass KK) - 
since - it is chosen. For the application in PEMFC, typically, the thickness of those film is thinner than 
200 micrometers, and ensures ion conductivity of high level. That [ one ] of the problem experienced 
using these conventional proton conductivity film used for construction of a PEM fuel cell is a 
dimensional change which happens when the level of membranous water content (hydration) changes. 
This is a characteristic problem in the case of manufacture of MEA. The stress generated by change of 
the hydration in the case of the thermal joint process usually used is because a fully large thing is to 
destroy [ between a catalyst and film or ] association of** between a catalyst and base materials. 
Furthermore, the dimensional change which happens for change of membranous hydration level makes 
quite difficult the handling of the film in the case of manufacture of MEA and large area MEA[ which 
specifically exceeds 2 500cm ] **. Handling becomes more difficult, so that the film becomes thin. In 
the thicker (for example, >350micrometer) mold of the film developed for other applications, the charge 
of "macro" reinforcement, for example, polytetrafluoroethylene (PTFE) textiles, can be incorporated, 
and such a dimensional change can be made into min. However, these thicker ingredients have too low 
ion conductivity, in order to use it in PEMFC. The very thin bipolar membrane of ** with thickness 
thinner than 25 micrometers is indicated by the U.S. Pat. No. 5,547,551 specification (W. it was 
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transferred to L.Gore & Associates Inc.) including the proton exchange polymer ingredient incorporated 
into the foaming porosity PTFE film. Kolde et al., Electrochemical SocietyProceedings According to 
VoL95-23 and p.193-201 (1995), as compared with the unreinforcement film of the former [ bipolar 
membrane / this ], dimensional stability is improved remarkably. However, 2 double specific resistance 
is higher than the pure proton conductivity film 1 1 7 with this unmodified ingredient, for example, 
Nafion, (NafionR) at least (ion conductivity is low). 

[0005] In fact, that the specific resistance of the above-mentioned bipolar membrane is more high means 
that bipolar membrane must be very thinner than the equivalent pure proton conductivity film, in order 
to maintain the conductivity of the same whole as the equivalent pure proton conductivity film, therefore 
to maintain the engine performance of a cell. However, decreasing the thickness of bipolar membrane 
decreases the advantage which can offer bipolar membrane. For example, a limitation is located in the 
range which can decrease in number membranous thickness. It is because endurance and a life may 
decrease, the crossover of the gas of the reagin which passes along the film becomes easy to take place 
and each of they causes the performance degradation of a cell, so that the film is made thin. 
Furthermore, the problem relevant to the dimensional stability and handling fitness for MEA 
manufacture may get worse by the thinner film. 

[0006] I eye E. I. du Pont de Nemours Di NIMOASU- and - company (E. I.Dupont de Nemours and 
Co.) (international public presentation WO 95/No. 16730 official report) had the mechanical strength 
which should be satisfied, and have indicated the approach of manufacturing the nonvesicular film 
substantially with the very low (it is very thin and almost equal to resistance of the film of a non- 
strengthened perfluoro-ion-exchange polymer) resistance to ionic conduction by which it was 
strengthened. Coating of this bipolar membrane is carried out with the ion-exchange film with which the 
base material of a porosity hydrocarbon, for example, polyolefine, was used, and at least one side of 
them was formed from the fluorination polymer. 

[0007] Therefore, the purpose of this invention is conquering the fault of the conventional pure bipolar 
membrane by offering the new cluster ion exchange film by which the crossover of the gas of ion 
conductivity and reagin is not weakened as compared with the same polymer and the matching ion 
exchange membrane of thickness which is not strengthened [ conventional ] by having the dimensional 
stability and handling fitness which were improved. Other purposes of this invention are the approach of 
manufacturing the bipolar membrane of this invention, and a method of the volume being large, being 
high yield and low unit cost in detail, and manufacturing bipolar membrane, and are offering the 
approach as a desirable single continuous process. The purpose of further others has the large volume, 
are high yield and low unit cost, and is offering the approach of manufacturing MEA. 
[0008] Therefore, this invention is bipolar membrane which comes to contain the porosity base material 
of each fiber which carried out orientation at random, and at least one sort of ion conductivity polymers, 
and offers the bipolar membrane characterized by embedding the ion conductivity polymer in a porosity 
base material. Moreover, in this invention, it is the bipolar membrane which comes to contain two or 
more fiber which combines at random, is carried out and forms a porosity base material, and at least one 
sort of polymer ingredients, and bipolar membrane ** characterized by embedding the polymer 
ingredient in a porosity base material is offered. 

[0009] Although the porosity base material which has a hole smaller than 1 micrometer in all directions 
is also within the limits of this invention, typically, a porosity base material has suitably at least 75% of 
things which have the larger magnitude of a hole than 1 micrometer at least 50% in at least one 
direction. Because of the application in a fuel cell, the thickness of the membranous sum total is thinner 
than 200 micrometers, and that of suitable one is preferably thinner than 100 micrometers. 
[0010] In x and the direction (setting at a flat surface) of y, orientation of the fiber in a base material is 
usually carried out at random, and it is making isotropic two-dimensional structure, furthermore, very 
short fiber or die length is typically shorter than 0.2mm - or fiber equal to it or very thin fiber ~ it is 
typically thinner than the diameter of 1 micrometer, or random orientation including fiber equal to it can 
be introduced in the direction (a flat surface is penetrated) of z. Fiber suitable in order to use it in this 
invention includes the fiber of glass, a polymer, a ceramic, a quartz, a silica, carbon, or a metal. Before 
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using the fiber of carbon or a metal as the film, it needs to carry out electric insulation. Suitably, when 
using the fiber of a polymer, fiber is not fiber of polytetrafluoroethylene (PTFE) or polyethylene. 
Suitably, fiber is fiber of glass, a ceramic, a quartz, a silica, carbon, or a metal, and is fiber of glass, a 
ceramic, or a quartz preferably. The range of 0.1 micrometers - 50 micrometers of diameters is 0.2 
micrometers - 20 micrometers preferably typically, and the range of fiber of die length is 0.5mm - 
150mm suitably 0.05mm - 300mm. The place which shows the microphotography of the typical base 
material formed from the glass fiber containing the glass fiber of a diameter with single Fig. 1, this is 
obtained from a scanning electron microscope and shows clearly the base material of the fiber of each 
which carried out orientation at random which exists only in x and the direction of y. Fig. 2 shows the 
base material which has the diameter of a certain range which produces the fiber which has thinner fiber 
in the direction of z. 

[001 1] For the application of a PEM fuel cell, an ion conductivity polymer is a proton conductivity 
polymer, and the example of such a polymer is well known by this contractor. Into the new film of this 
invention, two or more proton conductivity polymers can be existed, and/or a non-proton conductivity 
polymer can be included. 

[0012] Although the proton conductivity polymer with appropriate using it in this invention includes the 
following, it is not limited to these. 

[0013] 1) The polymer which has structure with the chain which combines and has the side chain 
fluorinated substantially if needed, and which was fluorinated substantially. These polymers contain the 
derivative of the derivative of the derivative of the derivative of a sulfonic group or a sulfonic group, a 
carboxylic-acid radical, or a carboxylic-acid radical, a phosphonic acid radical, or a phosphonic acid 
radical, a phosphoric-acid radical, or a phosphoric-acid radical, and/or the mixture of these radicals. 
Fault polymer fluoride includes available Nafion (NafionR), the deflection myon (FlemionR), and 
ASHIPU REXX (AciplexR) commercially from I eye E. I. du Pont de Nemours Di NIMOASU (U.S. 
Pat. No. 3,282,875, 4,329,435, 4,330,654, 4,358,545, 4,417,969, 4,610,762, 4,433,082, and 5,094,995), 
Asahi glass KK, and the Asahi composition, respectively. Other polymers include what is covered by 
each specification of U.S. Pat. No. 5,595,676 (Imperial Chemical Industries pic) and U.S. Pat. No. 
4,940,525 (Dow Chemical Co.). 

[0014] 2) S03H, P02H2, P03H2, CH2P03H2, COOH, The fault fluoride containing the aromatic 
series ring organic-functions-ized by OS03H2, OP02H2, and OP03H2, or the polymer fluorinated 
partially, For example, the thing indicated by each official report of the international public presentation 
WO 95/No. 08581, said WO 95/No. 08581, and this WO 97/No. (Ballard Power Systems) 25369. 
Moreover, the fault polymer fluoride which is a radiation or carried out the graft chemically is included, 
and it sets to these fault polymers fluoride. A fault fluoride chain, for example, PTFE, fluorinated 
ethylene propylene (FEP), A tetrafluoroethylene-ethylene (ETFE) copolymer, a tetrafluoroethylene- 
perfluoro-alkoxy (PFA) copolymer, Pori (vinyl fluoride) (PVF) and Pori (vinylidene fluoride) (PVDF) 
are radiations in existence of the monomer which can carry out [ organic functions ]-izing so that an ion 
exchange group may be contained, for example, styrene, or are activated by chemical induction. 
[0015] 3) the fluorination polymer containing the polymer chain which has a suspension saturation 
annular radical and at least one ion exchange group combined with the polymer chain through this 
annular radical, for example, the Europe patent, (EP) - what is indicated by each specification (Imperial 
Chemical Industries pic) of No. 0,331,321 and 0,345,964. 

[0016] 4) an aromatic series polymer (EP), for example, the Europe patent, — what is indicated by each 
specification of No. 0,574,791 and U.S. Pat. No. 5,438,082 (Hoechst AG), for example, a sulfonation 
poly aryl ether ketone (Moreover, a polymer with an ion-exchange functional value, for example, what 
is indicated by the international public presentation WO 94/No. 16002 official report (Allied Signal Inc.) 
and the aromatic series polymer which can carry out a graft chemically, for example, polyether 
sulphone.) 

[0017] 5) The non-fluorinating polymer which includes the following. What [ what is indicated by the 
U.S. Pat. No. 5,468,574 specification (Dais Corporation) ] -(ethylene-butylene)- Styrene, styrene - 
(ethylene-propylene)- The styrene component is organic-functions-ized by sulfonate, the phosphoric- 
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acid radical, and/or the phosphonic acid radical the copolymer of styrene and acrylonitrile-styrene 
butadiene rubber and a terpolymer, and here., for example, a hydrocarbon, for example, styrene 
[0018] 6) The polymer containing the nitrogen which includes the following. The thing currently 
indicated by the U.S. Pat. No. 5,599,639 specification (Hoechst Celanese Corporation), for example, a 
polybenzimidazole alkyl sulfonic acid, polybenzimidazole alkyl, or aryl phosphonate. 
[0019] 7) The thing of the arbitration of the above-mentioned polymer which has the ion exchange 
group permuted by the sulfonyl chloride (S02C1) or sulfonyl fluoride (S02F) radical whose melting 
processing of a polymer is enabled. The polymer of sulfonyl fluoride can be obtained by denaturation in 
which some precursors to ion exchange membrane are formed or which ion exchange membrane 
follows. A halogenation sulfonyl part is convertible for a sulfonic acid using a common use technique, 
for example, hydrolysis. 

[0020] Other polymer ingredients which are not proton conductivity polymers can be added to a proton 
conductivity polymer, or it can instead be used. For example, such a polymer can be used for the 
application which needs the bipolar film or the perfect anion exchange film. Generally an anion 
exchange polymer is rather based on quaternary ammonium from the sulfonic group fixed in the proton 
conductivity polymer. These include for example, a tetra-alkylammonium radical (-N+R3) and a 
quaternary ammonium core (inside of the toss flex time (TosflexR) film (-N(Rl) (CH2) yN+ (R3)) 
(supplied by Tosoh)). However, it is possible that all the above-mentioned proton exchange polymers 
could have the anion exchange equivalent. 

[0021] In addition to at least one sort of ion conductivity polymers, or a proton conductivity polymer, 
other non-ion conductivity polymer ingredients can be used. The example of such a non-ion 
conductivity polymer includes the type of PTFE, FEP, PVDF, Viton (VitonR), and a hydrocarbon, for 
example, polyethylene, polypropylene, and polymethylmethacrylate (polymethylmethacralate). 
[0022] It is appropriate to apply this polymer to fiber with the gestalt of a solution, and the solvent of a 
solution can use organic nature or water either as a base material. All the solvents of the above- 
mentioned polymer can denaturalize so that the mixture of7or the above-mentioned solvent may be 
included in a protic solvent like water, a methanol and/or other fatty alcohol, the ether, an acetone, a 
tetrahydrofiiran (THF), n-methyl pyrrolidone (NMP), dimethyl sulfoxide (DMSO), dimethylformamide 
(DMF), dimethylacetamide (DMAc), a sulfuric acid, or a phosphoric acid, and a list or it may include. 
However, it was found out that a water solution is [ of a polymer which is indicated by the Europe 
(patent EP) No. 0,731,520 specification ] substantially desirable. 

[0023] The 1st advantage of this invention is that manufacture the bipolar membrane of the dimensional 
stability of independence nature, and larger handling fitness arises. Therefore, for the film of this 
invention, since dimensional stability is high, the porosity base material which is downward so that it 
may mention later is ****** much more by the continuous manufacture approach of the large volume 
again. It is ****** much more by manufacture of MEA of the volume with larger handling than the 
level of the thin film of the difficult advanced technology in the case of the MEA manufacture for the 
dimensional change to which the manufacture of the thinner film of membranous dimensional stability 
is attained from a high thing, and this thin film gets worse with the increment in the level of water 
content. 

[0024] I hear that the bipolar membrane which has the both sides of a crossover of the ion conductivity 
of a proper substantially similar to the crossover of the conductivity of a proper which the 
unreinforcement ion conductivity film of the thickness with which the same polymer ranks shows, and 
the gas of reagin, and the gas of reagin is obtained, and there are other advantages of the bipolar 
membrane of this invention. This shows the advantage which must decrease membranous thickness 
substantially and which exceeded the bipolar membrane of a publication in reference, in order to acquire 
appropriate conductivity. 

[0025] Other advantages of this invention are that the flexibility for adjusting the membranous property 
required of a specific application and/or specific conditions is large. Coating fiber with at least one sort 
of different ingredients before formation of a porosity base material, and acquiring the additional 
property required of a specific application has a useful thing. Fiber can be coated with the ion-exchange 
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polymer ingredient which has a different property, for example, ion exchange capacity, or the equivalent 
(EW), and molecular weight, and the water transport property of the film to produce can be changed. 
Moreover, fiber can be coated with other non-ion conductivity polymers, and can change those surface 
characteristics, for example, is coated with the type of PTFE, FEP, PVDF, Viton (VitonR), and a 
hydrocarbon, for example, polyethylene, polypropylene, and polymethylmethacrylate, can make a 
hydrophobic area in a base material, or can coat it with amorphous silica, and can generate the front face 
of a hydrophilic property further. Furthermore, the water of the product which this fiber could give 
platinum as a catalyst, and could be made to combine the hydrogen and oxygen as reagin which can be 
diffused through the film concerned, especially the thinner film (known as a gaseous diffusion 
crossover), and was generated such carries out the operation which reinforces the humid property of the 
film concerned. 

[0026] Moreover, incorporating a granular ingredient in the film, and making a part effective in 
migration of a proton increase, and/or making a part effective in the water maintenance in a base 
material increase has a useful thing. 0.001 micrometers - 10 micrometers of 0.01 micrometers - 5 
micrometers of average grain size come out preferably, and a certain acid alumina, a silica, a titanium 
dioxide, a zirconium dioxide, zirconium silicate, tungstic oxide, tin oxide, and an ingredient like a 
zeolite are the examples of the suitable particle which can be used. First, a granular ingredient can be 
coated with the polymer of for example, a conductive polymer, the hydrophobicity of non-conductivity, 
or a hydrophilic property, or a catalyst. 

[0027] In one mode of this invention, the fiber of two or more types of a different property is used, and 
the porosity base material which was mixed together and mixed by homogeneity is formed. 
[0028] In other modes, the cascade screen whose at least one layer of those layers is the bipolar 
membrane of this invention is offered coming [ two or more polymer content layers ]. When forming the 
cascade screen which comes to contain the layer of two or more bipolar membrane of this invention, 
each class can contain the same, the identitas which could contain the different fiber and the different 
porosity base material of a type, and was embedded in the porosity base material of the layer of each 
bipolar membrane, or a different polymer ingredient of a type. If such the laminating structure is used, 
for example, the property of an opposite cascade screen can be adjusted to the anode side in ME A of the 
fuel cell of the proton exchange film, and a cathode side, management of the water in a fuel cell can be 
improved, or the substantive part of a cascade screen can be formed using the proton conductivity film 
of low cost. 

[0029] The bipolar membrane of this invention is suitable for manufacture of low cost. The film can be 
manufactured by one of the two general approaches. The film can be manufactured by preparing the 
porosity base material with which preliminary formation of each fiber which carried out orientation at 
random was carried out, and subsequently applying a polymer ingredient. This can be carried out by 
many coating methods, for example, a print, rolling, K bar, the doctor blade method, the spray, or thin 
film flow casting. 

[0030] By adopting a continuous manufacturing method, the manufacturing method with the desirable 
bipolar membrane of this invention forms the porosity base material of each fiber which carried out 
orientation at random, and consists of subsequently to a base material infiltrating a polymer ingredient. 
A continuous manufacturing method can be based on a paper manufacture technique, calendering, or 
extrusion, for example , fiber distribute in water , a thin slurry form by the approach based on a paper 
manufacture technique , subsequently said slurry make control and deposit on the bed of the mesh which 
move , the continuous structure form , this solid content dehydrate , the desiccation compression of the 
fiber carry out , coating/the restoration of a base material do with a nip roll , and , subsequently a film 
compress / dry with the solution of a polymer ingredient under the condition of still more suitable time 
amount / pressure / temperature . Moreover, it can extrude under the temperature/pressure which had the 
mixture of fiber and the solution of a polymer ingredient controlled, and the sheet of the bipolar 
membrane of fiber/polymer can be manufactured. In one mode, preliminary coating of the fiber can be 
carried out with at least one sort of ingredients. In other modes, a particulate matter can be added into a 
fiber content slurry and/or a polymer ingredient. First, a particulate matter can be coated with the 
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polymer of for example, an ion conductivity polymer, the hydrophobicity of non-conductivity, or a 
hydrophilic property, or a catalyst. Subsequently, the film is formed by one of the above-mentioned 
continuous manufacturing methods. 

[003 1 ] The main advantages which use the continuous manufacture approach like the paper manufacture 
technique of common use are bipolar membrane's being easily manufactured in a number smaller than 
the bipolar membrane of the advanced technology of processes, therefore confirming bipolar membrane 
in cost much more, and considering as a valuable thing commercially. Moreover, it is the continuous die 
length of a large number meter, and it is equal to 1 meter, or the film of larger width of face than it can 
be manufactured by the very effective approach in cost. 

[0032] This invention relates to the membrane electrode assembly which is what bipolar membrane 
depends on this invention, and its manufacture approach again. The field of further others of this 
invention is related with the fuel cell which comes to contain bipolar membrane and its manufacture 
approach of this invention. Other advantages are being able to form a membrane electrode assembly in 
the same rate as the ability manufacturing each component of each combining at least one electrode 
which is indicated by the Europe (patent application EP) No. 0,791,974 specification by these people, 
and the film of this invention. This invention is not limited to use of the bipolar membrane in a fuel cell, 
but the electrochemical equipment of the arbitration which comes to contain the bipolar membrane of 
this invention enters within the limits of this invention. 
[0033] 

[Example] The following example explains this invention further. These examples do not limit this 
invention. 

[0034] Example 1 - (bipolar membrane 1) 

The base material (provided more for Technical Fibre Products and British can BURIA state Kendall as 
glass tissue Optimat 201 of 10 g/m2) of a nonwoven glass fiber with which preliminary formation of 3 
was carried out the consistency of 0.2g/cm has been arranged on the sheet of Sintering PTFE, and the 
perfluoro-sulfonic-acid water solution was applied to this glass fiber tissue as indicated by the Europe 
(patent EP) No. 0,731,520 specification, the base material (Technical Fibre Products and British can 
BURIA state Kendall — since — provided as a fiberglass mat of 15 g/m2 supplied as "a super period of 
treatment M (Supercool M) M ) of the nonwoven glass micro fiber with which preliminary formation of 
consistency 0.25 g/cm3 was carried out — glass tissue / aquosity Nafion layer — applying — Optimat 
Other layers of 201 glass tissue were made to deposit on the upper part. This base material was filled up 
with aquosity Nafion, 13.0mg /of sum totals of the addition of solid-state Nafion was set to 2 cm, it 
dried in the perimeter room temperature, and the bipolar membrane of firm handling fitness with a 
thickness of 1 80 micrometers was manufactured. 

[0035] The electrode (0.60mg(Pt) / cm2) which contains a carbon support platinum catalyst as the 
electrode (0.25mg(Pt) / cm2) which contains carbon support platinum / ruthenium catalyst as an anode, 
and a cathode was used, and bipolar membrane 1 was formed in MEA. Evaluation of MEA containing 
bipolar membrane 1 was carried out in the perfect single fuel cell. In the cell temperature of 80 degrees 
C, H2-/air was used as reagin, and respectively, it set about H2 in the pressure of 30psig(s) (a pound / 
square inch gage), and the list, set to the stoichiometry value of the reagin of 2.0 about 1.5 and air, and 
polarization of an electrical potential difference was plotted as a function of current density about MEA. 
The engine performance of a 0.685V and generation cell called [ in / 538mA/cm / 2 ] 0.544V is [ in / 
323mA // 2 ] equal to the engine performance attained using MEA of the advanced technology which 
manufactured from non- strengthened Nafion (NafionR) 117 film of the same thickness, and was used as 
bipolar membrane 1 cm. 
[0036] Example 2 - (bipolar membrane 2) 

it was made to distribute in deionized water (500cm3), mixing the mixture of the glass fiber (an A20BC 
mold, Schuller International Group Inc., Colorado 80217 Denver, and a post-office box 5108 — since — 
available) (0.267g) to which beating of the 12mm fiber length was carried out, and a glass micro fiber 
(Evanite 608, Evanite FibreCorporation, and U.S. Oregon KOBARISU - since - available) (0.533g) 
From the mixture to produce, by the approach of the single process based on the principle of a paper 
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manufacture technique, the nonwoven base material of this invention was manufactured and sheet size 
was set to 2 214cm with standard SCA sheet formation equipment (AB Lorentzen &Wettre, Sweden 
country Stockholm S-163 93, post office box 4). This sheet was air-dried in 100 degrees C. A 
microphotography is shown for the obtained sheet in Fig. 2. 

[0037] The base material of a nonwoven glass fiber has been arranged on the sheet of Sintering PTFE, 
and the perfluoro-sulfonic-acid water solution was applied to the matrix of a glass fiber as indicated by 
the Europe (patent EP) No. 0,731,520 specification. This structure was filled up with the water solution 
of Nafion, the sum total of the addition of solid-state Nafion was made into 1 1.2 mg/cm2, and 
membranous thickness was set to 70 micrometers. In the cell temperature of 80 degrees C, H2/02 were 
used as reagin, and respectively, it set about H2 in the pressure of 30psig(s), and the list, set [ bipolar 
membrane 2 was formed in the membrane electrode assembly (MEA) as indicated by Example 1, and ] 
to the stoichiometry value of the reagin of 10.0 about 1.5 and 02, and the fuel cell estimated bipolar 
membrane 2. The plot of cell potential to current density is shown in Fig. 3. As this showed, the 
outstanding cell engine performance was obtained from MEA containing the bipolar membrane of this 
invention. 

[0038] Example 3 - (bipolar membrane 3) 

it was made to distribute in deionized water (500cm3), mixing the mixture of the glass fiber (an A20BC 
mold, Schuller International Group Inc., Colorado 80217 Denver, and a post-office box 5108 - since - 
available) (0.7g) to which beating of the 12mm fiber length was carried out, and a glass micro fiber 
(Evanite 608, Evanite Fibre Corporation, and U.S. Oregon KOBARISU - since - available) (1.4g) 
From the mixture to produce, by the approach of the single process based on the principle of a paper 
manufacture technique, the nonwoven base material of this invention was manufactured and sheet size 
was made into the diameter of 330mm (855.3cm2) with special order sheet formation equipment 
(generally actuation is similar in the sheet manufacturing installation used in Example 2). This sheet was 
air-dried in 105 degrees C. The spray of the 5% solution in low-grade fatty alcohol (Solutions 
Technologies Inc., U.S. Pennsylvania 19357 man DIN hole) of Nafion (NafionR) 1 100EW was carried 
out to this base material, and 0.42mg /of additions of desiccation Nafion was set to 2 cm. 
[0039] The base material by which reserve coating was carried out has been arranged on the sheet of 
Sintering PTFE, and the perfluoro-sulfonic-acid water solution was applied to the base material of a 
glass fiber as indicated by the Europe (patent EP) No. 0,731,520 specification. When this base material 
was filled up with aquosity Nafion and it dried completely, the sum total of a solid-state Nafion addition 
became 18.04 mg/cm2. After applying a pressure in the temperature exceeding 150 degrees C, the 
thickness of the produced film was 59 micrometers. In the cell temperature of 80 degrees C, H2-/air was 
used as reagin, and respectively, it set about H2 in the pressure of 30psig(s), and the list, set [ bipolar 
membrane 3 was formed in MEA, and ] to the stoichiometry value of the reagin of 2.0 about 1.5 and air, 
and the fuel cell estimated bipolar membrane 3. The plot of cell potential to current density is shown in 
Fig. 4, and the engine performance is equal to MEA of the unreinforcement film of the same thickness, 
for example, the advanced technology using Nafion 112. 
[0040] Example 4 - (bipolar membrane 4) 

it was made to distribute in deionized water (500cm3), mixing the mixture of the glass fiber (an A20BC 
mold, Schuller International Group Inc., Colorado 80217 Denver, and a post-office box 5108 - since - 
available) (0.1 8g) to which beating of the 12mm fiber length was carried out, and a glass micro fiber 
(Evanite 608, Evanite Fibre Corporation, and U.S. Oregon KOBARISU - since ~ available) (0.37g) 
From the mixture to produce, by the approach of the single process based on the principle of a paper 
manufacture technique, the nonwoven base material of this invention was manufactured and sheet size 
was made into the diameter of 330mm (855.3cm2) with special order sheet formation equipment 
(generally actuation is similar in the sheet manufacturing installation used in Example 2). This base 
material was air-dried in 105 degrees C. Thereby, the thickness of a base material was set to about 25 
micrometers. The microphotography of the obtained base material is indicated to Fig. 5. The spray of the 
5% solution in low-grade fatty alcohol of Nafion 1 100EW (Solutions Technologies Inc., U.S. 
Pennsylvania 19357 man DIN hole) was carried out to this nonwoven base material, and 0.24mg /of 
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additions of desiccation Nafion was set to 2 cm. 

[0041] The base material of a glass fiber by which reserve coating was carried out has been arranged on 
the sheet of Sintering PTFE, and the perfluoro-sulfonic-acid water solution was applied to the base 
material of a glass fiber as indicated by the Europe (patent EP) No. 0,731,520 specification. When this 
base material was filled up with aquosity Nafion and it dried completely, the sum total of a solid-state 
Nafion addition became 4.7 mg/cm2. Thereby, the bipolar membrane of firm handling fitness with a 
thickness of 25 micrometers was manufactured. It manufactured, as the sheet of three sheets of the 
bipolar membrane of a glass fiber was mentioned above, and in temperature higher than 150 degrees C, 
the laminating was carried out together, and the film with the perfect thickness of 60 micrometers was 
formed. The laminating bipolar membrane 4 was formed in MEA, H2-/air was used as reagin in the cell 
temperature of 80 degrees C, and the laminating bipolar membrane 4 was respectively evaluated [ air / 
1.5 and ] by the fuel cell in the stoichiometry value of the reagin of 2.0 about the pressure of 30psig(s), 
and H2. The plot of cell potential to current density is shown in Fig. 6, and the engine performance is 
equal to MEA of the unreinforcement film of the same thickness, for example, the advanced technology 
using Nafion 112. 

[0042] Example 5 - (bipolar membrane 5) 

the micro fiber of a quartz was obtained by putting in the filter (a QM-A mold, Whatman Internatinal 
Ltd, and the British maid stone -- since -- available) of the micro fiber of a quartz into hot water, and 
subsequently distributing them using a high-speed mechanical paddle type agitator. Subsequently, this 
micro fiber was filtered and it dried. It was made to distribute in deionized water (500cm3), mixing the 
micro fiber (0.61g) of a quartz. From the mixture to produce, by the approach of the single process 
based on the principle of a paper manufacture technique, the base material of this invention was 
manufactured and sheet size was made into the diameter of 330mm (855.3cm2) with special order sheet 
formation equipment (generally actuation is similar in the sheet manufacturing installation used in 
Example 2). This base material was air-dried in 105 degrees C. Thereby, the thickness of a base material 
became that [ about 45-micrometer ]. The spray of the 5% solution in low-grade fatty alcohol of Nafion 
1 100EW (Solutions Technologies Inc., U.S. Pennsylvania 19357 man DIN hole) was carried out to this 
nonwoven base material, and 0.33mg /of additions of desiccation Nafion was set to 2 cm. 
[0043] The nonwoven base material of a quartz fiber by which reserve coating was carried out has been 
arranged on the sheet of Sintering PTFE, and the perfluoro-sulfonic-acid water solution was applied to 
the base material of a quartz fiber as indicated by the Europe (patent EP) No. 0,731,520 specification. 
When this base material was filled up with aquosity Nafion and it dried completely, the sum total of a 
solid-state Nafion addition became 4.8 mg/cm2. It manufactured, as the sheet of three sheets of the 
bipolar membrane based on a quartz fiber was mentioned above, and in the temperature exceeding 150 
degrees C, the laminating was carried out together, and bipolar membrane with a thickness of 80 
micrometers was formed. In the cell temperature of 80 degrees C, H2-/air was used as reagin, and 
respectively, it set about H2 in the pressure of 30psig(s), and the list, set [ the laminating bipolar 
membrane 5 was formed in MEA and ] to the stoichiometry value of the reagin of 2.0 about 1.5 and air, 
and the fuel cell estimated the laminating bipolar membrane 5. The plot of cell potential to current 
density is shown in Fig. 7, and the engine performance is equal to MEA of the unreinforcement film of 
the same thickness, for example, the advanced technology using Nafion 112. 

[0044] Current density is maintained for a single cell which is indicated by Example 5 containing MEA 
formed from example 6 bipolar membrane 5 to 538 mA/cm2. For example, F.N.Buchi et As indicated 
by al.J.Electrochem.Soc, and 142 and 1895 (1995) It evaluated about the stability of the engine 
performance by using a current interruption technique and pursuing the membrane resistance of cell 
potential and a site with time. As Fig. 8 shows, MEA shows stable cell potential after actuation of the 
continuous fuel cell of 500 hours. Furthermore, Fig. 8 shows the measured value of membrane resistance 
with time, and it is shown again that this does not change substantially from 0.1 13-ohmcm2 at the time 
of initiation of a trial of membrane resistance to 112-ohmcm2 after actuation of 500 hours. The bipolar 
membrane of this invention shows the stability which was excellent in the PEMFC environment. 
[0045] Membranous specific resistance is calculated by the ratio of example 7 area membrane resistance 
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(omegacm2) / film thickness (cm), the specific resistance of this film is used, and it compares with the 
specific resistance of the film of various thickness. The specific resistance of the condition of the bipolar 
membrane of this invention and the pure non- strengthened Nafion film of the advanced technology was 
measured in MEA manufactured as indicated by Example 1 by measuring the membrane resistance of 
the site in a fuel cell using a current interruption technique, and breaking by film thickness in MEA 
measured from the microanalysis (EPMA) microphotography of an electron probe. The plot of the 
specific resistance to the current density which MEA generated is shown in Fig. 9. As this shows, the 
bipolar membrane of this invention has the specific resistance which is equal to the film of the pure 
Nafion (NafionR) family. 

[0046] It is important for Example 8 and the film of PEMFC that too much rate of a crossover of the gas 
of 02 from H2 and a cathode to the anode from an anode to a cathode is not shown. Since the diffusion 
rate of H2 is higher, it is a problem from diffusion of 02 which generally passes along the film. 
Although the crossover rate of the gas of H2 which passes along the film in MEA indicated for Example 
7 was measured in the fuel cell, electrical energy was not generated at it, i.e., under open circuit 
conditions. Inactive N2 gas (it deoxidized) was rather passed in the cathode of a fuel cell from air or 02, 
and H2 was passed in the anode of a fuel cell. In order to remove all the traces of 02 from a cathode, 
after making sufficient time amount go through, the current for oxidization of the hydrogen which 
passes the film and goes to a cathode (this determines a rate) was measured using a 
potentiostat/galvanostat, and it changed into the crossover rate of the gas of H2. The plot from which the 
crossover rate of the gas of H2 to the film thickness about MEA was obtained is shown in Fig. 10. As 
this shows, the bipolar membrane of this invention shows the crossover rate of the gas which is equal to 
the pure Nafion film. The crossover rate of the gas which passes along the bipolar membrane of this 
invention is the amount of H2 currently supplied to the anode smaller than 0.01%. The bipolar 
membrane of this invention is airtight. 



[Translation done.] 
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ow Chemical Co. ) cn&Wffl^Z J; 0* 

[0014] 2) S0 3 H, P0 2 H 2 . PO s H 2s CH 2 
P0 3 H 2l COOH S OSO3H2, OP0 2 H 2 . OPO 

WO95/08581f, PIW09 5/08 5 8 1-f-fc 
j;»097/25369^(Bal lard Po 
wer Systems) <n&&mzM&&ZtlX\< i&i> 

<n. ttz. mmx'&KMt^mzyyyhUz&y-y 
wt N &y >yjmmm. mta* ptfe. ^.y^rux 

fl/V-TDfl/y (FEP) . 7^N7 7;k7j-OXf-P 

^-xf-l/>- (ETFE) 34f'JV-, y-Yyy>V*U 
^Vy-^JVy )V^uT)Va^i^ (PFA) r^y^ 

(7»t^n (pvf) tsxx/xv (y-y 
•ftt'-yr'y) (pvdf) ti. 4*y&S&£irlct 

[0015] 3 ) sTtts«R*a6i: . zcDmvtmzmL 
x^v?-m(zm^titi^< fct ioco>f^y^ 
at u 577 y v- . 

fiaj^tf. (EP)IO, 331, 321 ^riiX 

Z/PJISO , 3 4 5, 96 4-f-«9£-BJi*I» (Imperi 
al Chemical Industries pi 
c ) tC^^iXT^S t<7). 

[0016] 4 ) jrsitetfy-?-, aaitwffi 1 

(EP)HO, 5 74, 7 9 l#fcil^*EEI1M ! lp»5. 
438, 082-^(Hoechst AG) O^-BJSi* 

t=BB^$tLTv^itfo. «iif. x/k*wbJ?yry- 

/l.x-f^y-hy. -f^y^ffgfiiSri^y 

mtf. ESHR^BBW0 9 4/l 6 0 0 2#^ 
(Allied Signal Inc.) IzffiTjkZtl 
X^&1><7), titfmizfyy M"# S^tfef'Jv 

[0017] 5 ) TfB<Ofc<0*S-^-*^7 -y*fl:iKy 
-7-„ *BM$flFJB 5 , 4 6 8, 57 4#BJMffl# (Dai 
s Co r p o r at i o n ) t,Zffl^$tlX^&i><0. 

i-vy) -ysjrvy^ x^-vy- (xfi/y-rofi/ 
y) -xfl/yi>J:t/77 l Jn^hij/i/-77yxy- 
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uy*4Hi^;p**-h, U y®&*5«ktf/4rt:{i:** 

[0018] 6 ) -Ym<r)h<7)*&-%-thmm*^^z> 

*BBPWrflPSS5. 5 9 9, 63 9 -mitt < H 
oechst Celanese Corporati 
on) IZjRfcZtlX^&ttCV. Mtli. ^'J^yX-fS 

[0019] 7 ) v-sjffliHnx^rtgi:-*-*^^ 

(S0 2 C 1 ) S^<±7 >vVCDVit.—}V (SO z 
F) a-C"S^§tL^'f^-^mS^*-tl>HU3i^-K , JV 

* yXiftB&ogi # «< SEttfc £*)&&Zb #T'# 4 . ^ 

ftlfcffiffl LXXjU^ym^m-fh Z b tfT* h . 
[0020]7Db yj£^fctf y •y-TttivMB^jKU 

U v-ttjRSK 4 1Z\$5&T-* v&xmzim t -t 
4 ffl&fcffiflW-S i t #T'# & . t-* y^-K y v- 
-ft, rahyfg#tt*fU v-lct3^TSI€$ix 

s (-n + r 3 ) tsi^raar^-^A*^ ( t-*? 

U y?X (Tos f 1 ex«) JR(-N (Rj ) (C 
H 2 ) y N + (R 3 )) (TosohCJ:»)«^^) 

1*1) Sr^-T4. La»L&#4>. f^7Dhy» 
0 ^-(D-tKXitT-^y^m^Air^-t^ Z b tfX'Z 
hXhhob^thZb #-c# 4 . 
[0021] t i> \Wr>A *y&m&#v~?-£ 

i$4*vfcm®xv~?-<r>m\i, PTFE. FEP, P 

VD F , h>y (Vi ton") tSiXfmttjkmofJ 
y\ MM£. ^»Jxfuy, ^yrob-i^ij ir/tf?y 

*^~)Vj<- 97V V— h (polymethylmethacralate) 

[0022] z0)#v -?-imm<ommxmmizm^i-t 

-T 4 £ i: **T'# l> . Kfi*^»J v-co^- 

JM£7/l/3 — /K X— f/K T-feh>\ Th7bKD7 
5V (THF) , n-^fM'D'J K> (NMP) , ; J 
*^-)VX)V**i<-¥ (DMSO) . i?Xj-)Vfc)VJ±7$. 
K (DMF) . y^W-fefTSK ( DMA c ) ifc 

immm t < <± y >-bw> ± a ^7n h y-MSL &ixtc 



*N«rif (EP)«0, 731, 52 o wwttfcieas 

[0023] 1 OSHjSU*. 

tttf>8teflB£iSii LT , i 0 t%# v ^]RSbitt*^-f h z 
bXhh. Ltltf^X, *WPitf>IWi, 4fc. fiBS^-S 

TS> 4 , ^ # v ^SfioaGRWieittrffit; J: 0 v ^ -e 
3 ill t tf . M^^IS^^tt^v -\Zbfrt>J: Offv ^Hco 

JOi: i: t fcrlHkt-i^^Wt;^ At. MEAiW 

[0024] *^<o^igcoflfeo*ijjSii. ihi-^^ 1 ; 
v-oEi&-f 4i¥§ (omsatJ * ymmimtfTj^ws 

nmi$£mmmzm$-L%<xte%^\ xmzsm 
[0025] *mxom<nmMte. 

£fziZ&mzW&2ix&f&n¥T&ZMm-hfz*>co. m 

j£e>mmzm3izti& mM<rm&^% & z t tetrnx-h 
l<(4s* (ew> 4j«tt^^**^-&>f 

U "7— W^"C'S8lt5r n —7- 4 y?LX, 

mwm see-t 4 - 1 * iv c-# * . 4^ . ««ittfi&^N 
tmz$&kZ'£z>z£WX'%. matt. ptfe. fe 

P. PVDF, h'hy (Vi t o n*) tJitfKflyk* 

«crtta*ttEa«&fp«. a\ 4 -tw^fy y *ta- 

f^/LT, * a «7j<14«^® ££j£-f 4 i fc *>* 
•CS*. $^>t. icoffi^Hi. «^{f a^M^i: IX 

mutx. mm, mzxvm^m. *MLxi$m-z> 

(%fa<m&?'ax*-rt-bLX%&L>1xX^h) zt 

&x'%&Rmikb Lx<7)*.m& i. rfmmz&'frz z 
[0026] ttz. mftiztmtfmz®.&/uX\ ro h 

Ztifibh. ¥i%ffl&tfO. 0 0 l^m—l O^rn, Jf 
4KJ40. OUm- 5^m, T'£>SgH47/WS-t\ 
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[0027] *micr> 1 oomrai. «3rS«H4tf> 2 

[0028] fl&tf>!Btarm, 2 jjuk^jk u v~&3rjg£ 

«^*o**^T**IWi«*»rfW-**^. #s(4 
tcffi^a* n^R-SL < <4fi>S:l> * >f TV)* 1 y v-W 

(t & r y - h tj «t t/# y - h* l tkw <osjiik 
[0029] b^SSJtKM-f 

* . j»a 2 m-mttm?) 1 otc «fc 0 «fw & - fc a* 
[0030] *%wcoM&mco]8-& t^mmmz. 

IBM. tfi^^-Jnii fcttfl»aifc:£-3< £fc#-c# 

- $• n < y >y >- a ^< -y k±k 3 y 1- a ~)v Lxmrnz 
^xmmtmm*m$LL. zom&ftzmfcL. tm 

2>zttfX'Z&, mcommxu, mmn&zwmttx 
**. mar, ■4*y&m&#y? 



[003 1 ] «ffl<0»«8c«*> J: a &iittW«Jt3ri£S: 

ST\ *»ol^-h;Hc^Lv^*^L.<{i^fLJ: 
ifiX'^h. 

[0032] l&m* . 4 fc , tt-dflU^^tc J: S t 

{4. *JfJIBAfc: ± ^RfflWWaJB (EP)I0, 7 9 
1, 9 7 4-^BJSi*tietg§ixTV^J;o : 5rii'- t 'Sr<tt 

hcDtm-^mmz^^xmmmr^yy^ 
-*mm-&zt-tfx"%hz>x*foh. ^mitumm 

M^mz^x*%$>&m<nm%tt¥Mmwii*%w<7)m 

[00333 

[0 0 34] Mir (M&mi ) 
^JSO . 2 ss/c ms WHBgjKSfL/S^R»^5Xlttt 
(Technical Fibre Prod 

ucts, llffltfyryrW^y^/K tcJ; 9 10s/ 
ra ! ^7Xf'f "/yi-Optimat 2 0 1 t L 
XmmZtlZ) ^iMPTFE<0i"-b±tlSL, R 
iWfft ( E P ) flSO , 731, 52 0#^iW#tClBttS 

tix^&Zo iz-^jv y oa;w yMfcMffiZ i <^)?y 

Wilf-(7ya-ti*U.»0. 2 5g/c 
(Technical Fibre Produ 

cts, ii^yrurfflv-y^. *^ rxww 

-M(Supercool M)jkLTW^§iXl> 
1 5 g/m'^5X7 7ht LTl^&StU. ) Sr^*5 
Xf-f -y>-i-/*tt^7 iXymizmtBL* Opti 
mat 2 0 ltf^-X-r-r >y^A— <0fl»lOJi$:±gB(c*6 

■fy j XycomtaM^aiZ l 3 . 0mg/cm ! i 
Ls JfIHS?atci3^T^L-C. 1 8 0jum<Dff£<03£ 
®5:lRSBattwK^]» t SBt Lfc . 
[0035] 7/- F t LX§m3m&&/)ln--*7l>> 
ft4«^-§r*-r-?>«li ( 0 . 2 5mg (Pt) /cm!) 

&£v#v-\*tix%m$$T&&tmt:-k : ti-t&wm 

(0. 6 0mg (Pt ) /cm') £<£fflLT. K-^K 
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^30 ps i g (^yY/^^y^-f-'J) col±t>. 

MW;H 2 (:ov^l. 5tiXV : ^%l / Z^X2. 0cr> 
KJSttO^at&ffitCfe^T . ME AtCOV^T«cSS?« 
cvm$Lt LXnJ±cottmcr>7°n v h £ Ltz. 3 2 3mA 
/cmHZ&^XO . 6 85Vt5j:l>"5 3 8mA/cm 2 
IZ&^XO. 54 4Vht^^«^M±, [slS^r 
If S<0*3t-ft;^-7 -C^-V (Naf ion") 11 7JK*> 
LXM&m 1 £ L/cftfiWr^M E A 1 1 

[0 0 3 6] m~ (a^BR2) 

1 2mm«ft$«S^^7X|ii (A20B 
CS, Schul ler International 

Group Inc.. 3D7Kf 802 1 77^' 

-, mmmms ios, *>£>A¥°r«g) ( o . 2 6 7 

g) tf7X~?47U7r4rt— (Evan i t e 
608. Evanite FibreCorporat 
ion. XmTtVdfvW^'^JX, frhX^m) 
( 0 . 533g) t coi&SmZMS L%tfC>WM * y* 

( 5 o o c m 3 ) wzft&mttz. itr&m&tofrb. 
mmmcowMt / zm^<m-im^mx\ 
mzmfazmftL. t*»scAy-h^i (ab 

Lorentzen &Wettre, X>)x-f> 
IXh7?*^AS-163 9 3. *A*f!4 ) £J: 0 
^-h^XSr2 1 4 cm^t Ltz. cWis-hZlO 

o°ciz&^xg.mLmLtz. nhtitzi'- h zmmm?f 
nzm2mi / z^-?. 

[ o o 3 7 ] ^mtfyxwmcDi&Tfazm&PTF e« 

^-h±tcKSL. KW#I1F (EP) §10 , 7 3 1, 5 

2 0-^BftfflS£fe*J$*LT^4 J; o \,z^)W)V^uX)V 

*ym?mw.zrtyxmmco'?h <j ~v7MzimLtz. 
zcvffimwizi-7 j*yco*mffiZjfcmLx. m^i-y 

4 *ycr>m}\\tC7)<&m 1 1 . 2mg/c m 2 tL, I 

x^xoizmnmr-tyyv- (me a) kjeml. 8 
o-c^mmism:*^?. Kmtkt LtH 2 /o 2 &^ 

U, #^30psi gc^ffTJ. MCHjCOI^ 
1. 5fciV0 2 tco^T 1 0. 0 ^RJSWwo^iift 

f<J:o(c. *^oa-&^^MEA*^. -fCfl*: 

[00 38] 013.- (S-&IS3) 
1 2mm<7>m&&2<nMMZtlfi:tf7Amm (A20B 
CM. Schul ler International 
Group Inc. . 3D7HW80217f^ 

mwmm5 1 o s. a»&A#*r«) < o . 7g> 

L #5X-7^07r^(A'-(Evanite 60 
8. Evanite Fibre Corporati 
on. ^tl^VM^A'jX. *»£A^*Tffi) ( 1 . 



4 g ) t (DM-smzm^ l&^jbh *y*. ( 5 o o c 

m 2 ) 4»t=4Hft^-^. 4f*»HW>6, SWtfefficT) 

mmzmrs < #-n^t, ^bjo^^ss*^ 

-f-f XSrIlfl3 30 mm (8 5 5 . 3 c ra' ) i L/i. 
:»y-h^l05'CCi)Ut2^SU;. 
ft(Ct7 -fjfy(Nafion R ) 1100 EWCDiSM 

mmrivn-nrt 5 %mm (solutions t 

echnologies Inc.. jfflB'O'istUKZL 

rmi 93 5 7xyfy*-^) £x:n^-LT. &s 

1-7 J ^y(OW.1}UM.i0. 4 2rag/cm 2 i;Uc. 
[0039] ^{f3-r^>-^ix^^#:^^SPT 
FE<r)^-b±tcUBL. gKffl^flt (EP) ISO, 73 
1.52 0-Wfl«fc:!eife$ixT ^4 i 3 iz^yju^- 

uxiv* ywt*.mmz tfyxtmco^iftmzmtti Ltz . 
z<D3mmz7ii&-i-7 <*y*jzmLx, ^iznmt 

tz b # fcli , 7 4 18.04 
mg/cmZi:^^. 1 5 0°CJii 4?SJ£tfclvt 
Kj)ZMz.tz'<k. £t*:Jl?)J¥§(i5 9txmX'h~>tz. 
1t^3SrMEA^fi)cL. 8 0°COl;«££:feu 

i g^JE^J. MMcH^cowc 1 . 5tJj:^(:o 
V vc 2 . 0 <^J&ttcO^«fjMl tc *5 . ftSftttrKC 
i0a^3^IP«L7t» «^mc^-T4«?fi«{50 

mm. muz. t7^yn 2zm^&9cft&wco 

[0 04 0] M4 r (ffi^M4) 

1 2mmOa6k«$OifflK)T$^^'7X^i (A20B 
CM. Schul ler International 
Group Inc. , 3n?Fffl802 17f^ 

-. mmimn 5 1 0 8 . *^A*^isg) ( 0 . is 

g ) t. *'7^^07r^^- (Evanite 
608. Evanite Fibre Corpora 
t i on. *H^-^3'yfflrJVN'«;x. A^A^fg) 

( 0 . 3 7 g ) b cDU-SVnZMS L^r*^^-^ *y* 

( 5 0 0 c m3 ) tplZ-ft&Z-tttz. 

mmtm^>mm^z^<m-xm^mx\ *wr<?>t- 
w&ft&zmfti. mm^-hm^ms. m2iz}3^x 
temttzz/- hmmmm^z-wtmzmmmm-th ) iz 

J: 0 ^— b XSrllg 330mm (855. 3 c 
m 2 ) b Ltz. .ieD3d$tt£ 1 0 S'azte^X^mtm 
L1z. ZtiitZJ:*), ■S.mw<nm^\m2 5 umbtc-> 

tz. 'ft^Ktt&w<r>mm^%*wi5mizmm-th. 

:«Mfttt7 ^yiioo EWcoi&MMm 

TfUzi—jU^P 5 (Solutions Tech 

nologies Inc.. ^ffl^y^K— TiW 1 
93 57^yfv*-;K Srxri^- LT. mk1-7 < 
J-ycVMuMZO . 24mg/cm!i:L^ 
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[00413 fffi?-7~j ymtuz. ^yxmm^ 

P)JjI0, 73 1, 5 2 0^BJ*BWfcIEtK£*rt^l>J: 

T, m-klz&mitztZlzte. Wki~7 4 7t>m)}aM.<7) 
■&mi4. 7mg/cm ! !:^. Ztlt,z£K). 2 5 

7 xmmwmsmcD 3 1^^- h z m& ttz x a tens 

U 1 5 0X:j:OW^iaKt=*J^T-«t:»JlUT6 0 
AtmOJS$<O^^Sr^L^. Wi»&K4£ME 
ACIIL, 8 0°CO«?t?amcfcV^T, SJEfttLT 
H 2 /2§v£ffifflLT. #^30 P si g^E*. &i 
1>'H 2 ^V^T1. 5ioJ;tA'S^c-p^-C 2. 0<JOKfE 
WcrM&mfcmizn^T . JSPUKfitcJ: oa««-&M4 
MHiLfc. *«fi*fi<07-n.y h£S? 

if. 2Srffl^S5fefi«»^)MEAKEa» 

[0 04 2] 095.- («^JK5) 
W&>Vt?V7T4'<—0)7 4/\s?— (QM-AI, 
Whatman Internatinal Ltd. 

W$Wf7u7T4'*- ( 0. 6 1g> ta^L*** 
( 5 o 0 c m 3 ) 

X\ *fPJItf>S»ttS:»fl*U *f3:^- h®j*8B 
2 fcts wrffiffl LfcS^- h«iBS«KHftWfc»ff *<» 
(R-t4 ) t<Zj: 0 5"- MM X«rEffi3 3 0 mm (85 
5. 3cm*) fcLfc. ZcVlffifoZ 1 0 5*C(C*JWt 

cotK-otz. zco^mc&mzi-? 4 *y l l 0 OEW 

^ffi»JS»«IT;P3-/U«t>5%»?B[ (Solution 
s Technologies Inc.. fflMLyis 

)V^—Ti^i 9 3 5i^y 3 fy-^—)V) zxtv—l 

X , m&1-7 -i * ycQW&QM.i 0 . 3 3 m g/c m 2 1 

[0043]ff3-f^ yfZtvfz, ~&mm<r>^m 
(EP)JSO. 73 1, 5 2 0-^HiH»fc:iEa$il'CV^ 

-£fHi4. 8mg/cm«i:^fc.Sa«|C3^< 
*-&«<03tSc<0^-h^SBLfe«l:dt=«3tL. 150 
•Cfctt &iSJg K:*iVvt-»fc8W LT 8 0 u mcomZ 



8 OWma&i&gKfclvt. RJKfcfc tTH 2 /^m^ 
ffifflLT. ^30psi g^, £tftCH 2 £oti 
Tl. SfcJtfSSUcovv^. OOBCJ&facryft^mSi 

mizn^x. mmm^xommm^ms^mmttz. 
mffi®mizm-&nMm®.<7)7'n ^vimim^v, 
*Lxte.mmm%mz<7)im<tm. mta. 1-7 
y\ 1 2zm^z>$tftmicoME Aizvm-tz > 

[0044] M6 _ 

Mitm 5 up t>M&ktitzME a $• istm 5 iztmztix 

K^±oykm-<omm*. tSMf«*5 3 8mA/cm 
2 «tfifU *LT, WifcT, F. N. Buchi e 
t a 1 . J. Electrochem. Soc. x 1 
42, 1895 (1995) CffittS*VCH*i dfc, 

nvi^m&ffizmmLx . mmm&& £ immnfmm 

TfWILfc. SI8BI«^f-J:?(C. 5 0 0 tifT^mm 

tiiimmivmiCDmtt}mz&ii& o . 1 1 3 q c m 2 
■&t> 5 0 0 n*ia<ofrairafe:*i(t s 1 1 2 q c m 2 1 x-m 

[0045] #7 _ 

( Q c m 2 ) /Mff S (cm) coitlzX 

coitimzmM.L. zcomcoiti&iA^mmtx , a^co 

yv-raw&ttvr ( e p m a ) mmmm^mzz 
titzMEAt l z&tf&mmzx'#\&zbiz£-ox. *$tw 

vmoimtjLZM 1 icfem^ttTv^ ± a tistL^M 

E Atcfc v ^XMM Ltz. me a*>'^ L^SaMFfttcM 

n«) 7rSU-<0KtcE»-Tftifc»fit*^4. 
[0046] PJ8. 

^7t, PEMFC<7)I(iry-FK*V-b'^H 2 
*J i IX^ V - F*>^> T y - o 2 <7)m#:^ 

N'-c^ii.K^^jg Sr^^^v^di: *<MSt'$> H 2 
«OJ£lfeat!t»iJ:0l«v^«>fc:. -jRt=KS:ii4O 2 «0i£ 
IXJ: >3 <5iJ7(ClE«t-§ME A(Cfe(tl>)^ 

SrM-S H 2 <7)M*^^ ux^—J $■ M«ffilci3 

j;ot*u*, ^»ttN 2 »flc mmmztitz) zmnn 
m<7>*rv-wwzMi&z-&. zLxHtzam^mv) 

nmM£m£i-&tzfriz+ft%mmzm&z-ittz'&. m 
*w&Lx*v-Y\,z'i7<*m<nmt<?>tz#><?>n3i (z 
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g (IMt) /cn3 s (fg^5 0x) . 

[HI] 




[02] 2 (co V v£ <^«Wda**<0ffl««5St. 

[03] 1S-^M2^Wf SMEA</>JH-*ttW>ttig. 
[ 04 ] |g-£|gS 3 SrW-f S ME A 0#-«fi^)tttg. 

[05 ] -f-y -r ^ y#»M^jR4 comwsmn. 

[06] «^K4*^f6MEA<om-«ffiCOtt«. 
[07] ^Jg|5S:W-rSMEA<^m-^mc7)tt#g„ 
[08] a-^IB5*qS-r&MEA<03c«tt. 
[09] «8S«Kt:*tr6JtlHftfii. 

[010] u»sst:*r-rs**o*«a^^o^^-y\* 



[02] 



(10) 



WfUflT 10-312815 



[03] 




400 600 BOO 

CmA/erf) 



1000 1200 



[H4] 




200 400 



600 800 1000 



1700 1400 1600 



(11) 



mmW- 10-312815 



[05] 




[H6] 



i — > 1 ■ 1 1 1 1 1 < 1 ■ r 




0 200 400 600 800 1000 1200 1400 1600 1800 



( 12) 
[07] 



&M¥1 0-3 12815 




[08] 




300 400 



500 eoo 



(13) 
[09] 



SfRPF 10-312815 




5 I ■ 1 ' i I i i ■ ' 

0 400 800 1200 1600 2000 2400 



[010] 



10 

9 

a 

7 
6 



□ 

e 4 

CO 

* 3 
2 
1 
0 



1 1 1 


1 i , 1 1 


I 














-+?^*>112\^ 


3 ttftK 2 




#-!7<*>1135 "*~^-0— 


• 


J — 1 


L. .1.. 1 i 1 





40 



60 



80 100 120 



140 



160 



(5i) int. ci . 6 mm^ 

H 0 1 M 4/86 
8/10 



F I 

H 0 1 M 4/86 M 
8/10 

(72>«BB« Tyy. /\-X 

u-F\ 94 



